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SUMMARY

This report describes the parametrization of time depend-

ent air transport results for prompt and secondary gamma rays

resulting in a computer code which is called Time Dependent

Air Transport of Radiation (TDATR). The report describes the
generation of the data base for prompt gamma ray , neutron and

neutron-induced secondary gamma ray radiation , the pararnetri-
zation methods for prompt and secondary gamma rays , as well as
the command structure of the resulting code which serves as
the user ’s guide for the code .

Previous efforts of radiation transport parametrization

involved several versions of a time independent computer code
called ATR (Air Transport of Radiation) .
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1. INTRODUCTION

This report deals with a time dependent version of the
Air Transport of Radiation (ATR) code referred to as TDATR.

This version contains the results of the parametrization of

dose responses for prompt gamma ray and neutron-induced

secondary gamma ray radiation in infinite homo€ eneous air.

Previous versions of ATR~
1 ’2 ’3~ contained time independent

parametrizations for neutrons , prompt and secondary gamma
rays , X-rays and fission product radiation .

The prompt gamma ray time dependent data base was gen-
erated using the MORSE Monte Carlo Code ,~

4
~ and the time de-

pendent secondary gamma ray data were generated using the

TDA~
5
~ time dependent discrete ordinates transport code. The

data base is described in Section 2 of this report .

Section 3 describes the parametrization of six dose
responses for each monoenergetic prompt gamma ray source as

well as six dose responses for secondary gamma rays due to

three neutron source spectra : fission , thermonuclear and

14 MeV.

Section 4 of this report is intended to serve as a user ’s

guide to TDATR . It describes the individual control commands

that are needed to execute TDATR. The commands are user
oriented , thus , preserving the philosophy of earlier time
independent versions of ATR .

The appendices contain pertinent source spectra , dose
responses , time parameters , density scaling considerations ,
the method employed in solving the convolution integral and
sample problems . -
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2.  GENERATION OF THE DATA BASE

2.1 INTRODUCTION

This section describes the methods used , problems en-

countered , and results obtained in generating a time dependent

data base of radiation transport in infinite homogeneous air .

Crucial to decisions concerning the methods used to gen-

erate the data base and the form of the data base is its

intended use. A driving consideration of the TDATR data base

is the fact that the data must be scaled to different densities .

A detailed description of density scaling of time dependent

radiation transport is provided in Appendix B; here , we
summarize by indicating the scaling transformation . The time

dependent flux qI(~~,t) from an instantaneous point source at time

t at position ~ in an infinite riomogeneous medium of density p is
related to the data base flux computed in density p0 by

= K3~0(~0,t0)

where

K = p /p0

=

= Kt

Note that time is density scaled. Thus , ideally , the data

base should contain a relatively fine resolution in time space

since an order of magnitude decrease in density results in a

decrease in time resolution by the same order of magnitude .

8 
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Two time dependent radiation transport codes were con-

sidered to perform the necessary calculations t’ produce the
data bases -- the TDA~

5
~ (Time Dependent ANISN) Code and the

MORSE Monte Carlo Code .~
4
~ The MORSE Code has the advantage

that results can be computed in local time defined as the

absolute time after source emission minus the time for light

to travel from the source to the detector . The TDA Code has

the advantage of using less computer time for providing

detailed spatial and energy flux descriptions .

The MORSE Code was used for the calculations for prompt pho-

ton sources. The TDA Code cannot efficiently resolve the arrival

and die away of the promp t photons arriving at a detector

with its restriction to absolute time . A typical time reso-
lution for TDA for a detector at 1 km is greater than 10 shakes
(1 shake = 1 sh i0 8 seconds) at the pulse arrival time .
With a local time calculation , however , such as a MORSE cal-
culation , the clock starts when the uncollided radiation
first reaches the detector and the peak can be resolved ,
typically , in tenths of shakes -- a factor of 100 improvement
over TDA .

The TDA Code was used for the calculation of time depend-

ent secondary photon transport . The time dependence of seconuary

radiation arriving at a detector is driven by the time and

energy dependence of the neutron transport . Photons from. in-

elastic neutron interactions arrive on the order of 10-6 - ~o_
~seconds after neutron source emission and capture photons arrive

at around lO~~ - l0 2 seconds and make important contributions
out to 1 second. It is necessary to transport the neutrons

down to thermal energies. TDA is ideally suited for this cal-

culation because the time resolution available with TDA is
sufficient and the code solves for the transport of thermal

neutrons more efficiently than by Monte Carlo methods

.9
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Both data bases (prompt photons , secondary photons)
represent Green ’s Functions for the time dependence of the

transport . The data bases were generated utilizing a “delta”

function source in time . Dose was computed as a function

of the energy distribution of the source and a time parameter

(local or absolute time). If we denote the data base quan-

tities by G(E,t’), the time dependent dose D(t) from a

source S(E,T) is given by an integral over the source energy
and a convolution in time

D(t)

where

t = t - T

The following sections describe the details of the data
base generation utilizing MORSE for prompt photon sources and
TDA for secondary photons from neutron sources.

2.2 DATA BASE FOR PROMPT PHOTON SOURCES

The MORSE Monte Carlo Code was used to compute the data
base of time dependent air transport from prompt photon sources.
‘The same P5 , 18 energy group cross sections that were used for the

P time independent calculations~
2
~ were employed in the time de-

pendent data gase generation. Scalar fluence and five dose re-

sponses: tissue , concrete , air , silicon and tantalum were calcu-

lated. The energy group structure and dose responses are given

in Tab’e A-3. Separate calculations are performed for sources
uniformly dis tributed in each of the 18 energy bands . The air
was homogeneous with density 1.11 x lO~~ gm/cc.

10
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The doses were scored On spherical surfaces centered

on the source point. Local time was used to record the

time dependence . Local time , TL, is related to the absolute

time , TA , after source emission by

TL = TA -R/ C

where R is the radius of the detector from the source and C is the
speed of light. Thus , the uncollided radiation for an instanta-

neous source arrives at T = 0.0. The doses were resolved into

6 time bins per decade from l0 to 10 sec local time.

With P5 expanded cross sections , the MORSE Code utilizes

three discrete scattering angles for each group to group energy

transfer . When a collision event occurs during the random

walk , the outscatter energy group is sampled , then one of the

three scattering angles for the specific incoming-outgoing

energy group set is selected. A ray-effect phenomenon was

discovered in the early time dose rates due to the discrete

angle scattering treatment in MORSE .

At times <100 ns , the dose rate computed with the con-

ventional MORSE Monte Carlo Code exhibited nonphysical varia-

tions when resolved into six time bins per decade as shown in
Fig . 1. The “humps” in the dose rate were attributed to the

discrete angle scattering . Single scattered photons are the

primary contributor to the early time dose and the correlation

between the time of arrival at a detector of singly scattered

photons and the discrete scattering angles causes the nonphysical

dose rates.

The distance traveled and the time for a single scattered

photon arriving at a detector is pictorially presented in Fig. 2.

A photon travels uncollided to its first collision site a distance

11
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Figure 1 . Silicon dose rate at 555 m and 1.11 k~ of infin ite
riomogeneous air at density 1.11 mg/c& for an
8- to lO-MeV instantaneous photon source.
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x from the source point. It then undergoes a scattering

through angle 0 and travels distance y to the detector . The

local time at the detector of the photon arrival is (y-z)/C.

Elementary calculus will show that the maximum time of arrival

occurs when the uncollided distance is given by

R

where R is the radius of the detector . The maximum time of

arrival is

T =~~1( 2 ) ½ _ l  
-max C 1 cos 0+l

The arrival times of al l  singl y sca t te red  photons which
scatter at a given cosine were calculated . The results of

a typical calc’ilation are shown in Fig . 3. The arrival times

are weighted by an inverse exponential of the total number of

mean-free-paths traveled by the photon . The distribution shows

a sharp peak near the maximum arrival time (the latest time

a photon scattered at the given cosine can arrive at the

detector).

The sharp peak near the maximum arrival time gives rise

to the ray effect (if it were uniform there would be no corre-

lation). Table 1 gives the maximum and average arrival times

for single scattered photons for the four smallest scattering

angles from Group 1 (10-8 MeV). The first three arrival times

correspond to the “humps” seen in the data. At later times ,

more and more contributions come from multip ly scattered photons

and the ray effect is hidden .

14
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The MORSE Code was modified to samp le the scattering
cosine from the continuous Klein-Nishina distribution for
the first scattering only and then continue with the discrete

scattering angle selection on subsequent collisions . The

results of this computation were compared in Fig. 1 with the

previous results. The first-collis ion Klein-Nishina sampling

removed the correlation which gave the non-physical ray effect

with the conventional MORSE calculation .

Figure 4 compares the flux at 444 meters computed using

the Flair Code~
6
~ with the ATR data base. There is good agree-

ment between the two sets of data. Figure 5 shows the tissue

dose rate at several ranges for a prompt gamma ray fission

source.

2.  3 DATA BASE FOR SECONDA RY PHOTONS

The TDA (Time Dependent ANISN) Code was used to generate
the secondary photon data base . The TDA Code determines the

solution in time space by using the ANISN procedure to solve
for the flux at each time step utilizing the flux extrapola-

tion from the previous time step plus any source emission

during the time interval .

Proper choices of spatial and time meshes are crucial to
a good solution from TDA , since they cannot be se lected inde-
pendently . A problem involving an instantaneous source (delta
function) will have a “wave” of uncollided and few within group

scattered particles which move through the system at a speed

corresponding to the speed of the average group energy . A fixed

spatial mesh which is fine enough to cover the wave at all

points in the system would require a prohibitive amount of core

storage and result in very inefficient , time-consuming calcu-

lations , to iterate through the fine mesh as the wave front

passes.

17
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A time dependent spatial zoning package was incorpor-

ated into the TDA Code to permit the use of fine zones near the

wave front (where most interactions are taking place) and rela-

tively coarse zones elsewhere. At each time step the system

is rezoned to accomodate the movement of the wave . Addition-

ally, the rezoning is performed such that certain ranges input

by the user corresponding to detector distances are always

zon e centered. Input to the zoning package includes the upper
and lower bounds on the wave velocity, the number of fine

zones , and the number and range of detectors.

Three source distributions were used for the TDA calcula-

tions ; a weaponized fission , a thermonuclear , and a 14 MeV

neutron source . These source distrubtions are identical to

the source options in the ATR-4~
3
~ code and are tabulated in

Appendix A. The t ime bins and detector distances are also
provided in Appendix A.

Typical results of the TDA calculations are shown in
Figs. 6 thru 11. Neutron and secondary photon dose rates
at one kilometer are shown for each source distribution . The

neutron data base was not parametrized in TDATR , only some of

the data is presented here for the sake of completeness.
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3. PARAMETRIZATION OF THE DATA BASE

The data base that was used for the parametrization

o f the prompt gamma rays consisted of data at 22 ranges out
to about 390 gm/ cm 2 and 25 local time mesh points out to
lO~~ seconds for the following six responses:

1. Total Fluence

2.  Henderson Tissue Dose

3. Concrete Dose

4. Air Dose

5. Silicon Dose

6. Tan talum Dose

There are detector response values in each of the 18 mono-
energe tic source group s . The do se fac tors and the source
energy breakdown are detailed in Appendix A .

For the secondary gamma rays there were three standard

neutron sources that were used and the same six responses

were determined for each. The source spectra were :

1. Fission

2.  Thermonuclear

3. 14 MeV

The source weight values are detailed in Appendix A for the

f iss ion and thermonuclear source ; the 14 MeV source represents
the data in the 12 .2 - 15 11eV neutron source band. The results
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were determined for 85 ranges out to about 400 gm/cm2 . There

were 40 time mesh points in absolute time out to the maximum

value of two seconds .

3 .1 PARAMETRIZATION OF PROMPT GAMMA RAYS

The data was displayed through various forms of p lots

both as a function of time as well as range in order to eval-
uate trends . Since data generated by Monte Carlo techniques
result in statist ical variation s , it was dif f icu lt to ade-
quately categorize the information and some averaging through

curve fitting was necessary. There were two categories of

data: one included the total fluence , Henderson tissue and

tantalum dose values and the other contained the remaining

three dose responses. The following ratio function was calcu-

lated for each of the responses in the first category :

D.(E.,tk,p )
R ( E  t 1 J # = 1 9i j ’  k’~~i Dj (EjO~

tk.p~
) ‘ ~ ~O’ ‘~O

where D
~

(EJ V tk.P~,)rePresents the response values (total fluence

or dose) as a function of source energy band E., time tk in
2seconds , range p

~ 
in gm/cm . The index i has values of 1, 2

or 6 representing the total f luence , Henderson tissue dose or
tantalum dose respect ively.  The index j ranges from 1 to 18
representing one of the 18 monoenergetic source groups . The

index in the denominator is one for j = 2 , 3 , . . .  , 8 and nine
for j = 10,11 ,.. . ,18. That is , 16 ratio functions are generated

for each response such that source groups two through eight

are divided by the first (highest energy) source group and

source groups 10 through 18 are divided by the ninth source

group . The indices k and Z appear simply to indicate that tk
and are time and range parameter variables .
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The ratio function was then curve fitted according to

the following relationship :

in [Rj(Ej~ t
k~P)] 

= a0 + a1p + a2p
2

where the am are the coefficients of the parameterization and

the index 9- has been removed from the range variable to m di-

cate that it is being treated as a continuous variable. Note

that indices , i, j and k are being treated as parameters .

The denominator of the ratio function has a considerably

more complicated form and it was parameterized separately
according to the following relationship:

in [D~
(E
~o,

t ,P
~~ 

= b0 + b1T + (C1 - T) + b4 /-(J+C2)/C3

+ b5t
2 + b6T

3

where

= in t , C1 
= -10.82 , C2 = 10 .0 , C3 = 13.0

the bm are the coefficients of the parameterization , j0 = 1, 9 ,
and the index k has been removed from the time variable in

order to indicate that it is treated as a continuous variable .

The ratio function is evaluated for those sources that
require it and multiplied by the denominator of the ratio

function . Then, in order to generate D~ (E~~t .P) for
tk < t < tk+l and 

~k ~ 
< 

~k±1’ the four values : Dj(Ej,tk,pk)
Di (Ej~ tk+l V Pk). D~ (E~ ,tk,pk+1), D~ (E~ ,tk+1,pk+1) are evaluated
and a doubl e interpola tion scheme is used .
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For the remaining three dose responses : concrete , air

and silicon dose , the following ratio function was generated :

D~ (E~ V tk P 9-)r . ( E . ,tk,p 9-
) = 

D2 (E
j~~

tk~ P9-
) ‘ 

1 = 3 ,4,5

where D2 (E jV tkV P i) represents the Henderson tissue dose response.

This ratio function has a rather straightforward behavior
in that it was represented by an averaged constant or a series
of straight lines as a function of the range parameter . Thus ,

only one or two coeff ic ients  are needed to be stored in order
to regenerate the ratio funct ion which is then mult i p lied by
D2 (E j V tk~ P i ) to regenerate the D j (E j~~tk V P 9-) which are needed
for the evaluation of D~ (E~~ t~ P ) as previously described.

3. 2 PARAMETRIZAT ION OF SECONDARY GAMMA RAYS

For secondar y gamma rays th ere was a grea ter similarity
between the various responses than for promp t gamma rays , thus ,

the responses were more readily categorized.

First , the total fluence was parametrized for all three

sources by the following function :

9-n [Dl(S~~
tk.P)] = a0 + a1p + a2p

2 + a3p +~- + a5 ~~~

where Dl (Sj~ tkIP) represents the total fluence response for

source spectra S~ (i = 1 ,2,3 representing the fission , thermo-

nuclear and 14 MeV neutron sources respectively) , the tk are

the time parameters , pis the continuous range variable and the

am are the coefficients of parametrization .

30



Then , for the remaining dose responses the following
ratio was generated:

ID . (S. , t ,p  )
R~ (S~ ,tk,P 9-

) = L~ 
,tk,p)~~

FDl (Sj~
tkVP 9- ~1* 

[D ( S t  TI i 2 , 3 , . . .  6;  j =l , 2 , 3

= R (SiV tk&P 9-
) N i(S .,t

k
)

where 9- = 1.
0

Figure 12 represents examples of Ri
(S j V tkV P t) for the

fission source as a function of range with t ime being the
parameter.

The ratio function , Ri (S.,tk,p z) was parametrized accord-
ing to the following scheme . For i=2 , that is the Henderson
tissue dose , the following function was used:

9-n [R2 (S
~ V tkVP)] = a0 + + a2p + a3

p2

where the am are the coefficients of the parametrization .
For the remaining dose responses the ratio function was treated
as a per turba tion of R

2 (Sj,tk,P), that is:

Ri(S.,tk,p) = R 2(S.,tk,p) P(S.,tk,p) , i=3 ,4,5,6

where P(S.,tk,P) is a perturbation function of the range
variable t~iat is represented by simple straight line functions
cf p.



-- I I I
‘-V

\
V 0

‘ 
S .1_I

‘ 
Cl)
U)

‘

I) I 4_)

~ 
I 0

‘ I - o
U) I In
I \ I
0 I-. V I U)

o l
N-
In

LII x
I— 2 .—‘

C’)
In a

C.) ~II — 0
\ C’)

CM Cli) 0)
I-. ‘V., U)

_ _ _ _ _ _ _

UO~~~3un~~ o’p~ )J PaZTI~W~1ON

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
:II I_z~~~



_ ,_____
~

______
~

___ _________
~ 

—.—— _.—..—_ — —— —.- —.— — ,— 

The second term of the ratio function , Ni(S..)tk), can be
viewed as a normalization function in time , and it ensures that
the value of the ratio function is 1.0 at the first range value .
Figure 13 shows a representative sample of the time ratio function
for the 14 MeV source as a function of time for two dose responses .
This term was parametrized separately by the following function
of time : let T = 9-n t

£n[N~ (S~ ~t)j = a0 + a1-r + a2i
2

+ a3T
3 + a~ T~ for t < 1.33 x l0~~ sec

= b0 + b1’r for t > 1.33 x l0~~ sec

where the a and b are the coefficients of parametrization .rn n
Thus , the value of Di(SjV tkV P Q ) can be obtained by:

R.(S.I t~~~~9-) 
Dl

(S . ,tk,P)
D. (S. ,tk,p 9-

) = 1 1 
N ( S t )~

1 9- 
, 1=2 ,3,... ,6

and a double interpolation scheme is used to find the response
value at an arbitrary time and range value.
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4 . TDATR COMMAND STRUCTURE

The TDATR comman d structure is similar to that of ATR
with minor modifications and additions . A typical TDATR

command is of the following general form :

*<COM~~ND WORD>,<UNITS DEFINITION>,<LIST OF VALUES>

All commands must begin with an asterisk . If a TDATR command

is too lon g to f i t  on a single 80-character line , the command
may be continued on subsequent lines not beginning with an
asterisk . The restrictions on continuation are that no single
part of a TDATR command , such as a number , may itself be split

into two lines and there should be at least two numbers (values)

on the first card image .

The command word is a mnemonic name for the type of action

to be taken . Examples of command words include :

N-SVAL - Source values for neutrons

LTIME - Specifies local time for output

TITLE - Title of a TDATR problem output with the string
that follows the first blank after the command
word.

A complete list of the commands for TDATR is contained in

Table 2. The upper-case letters in the figure indicate specific
syntactic elements while the lower-case letters indicate para-

metric fields . Table 3 contains a short synopsis of the individual

commands .

The second field of the general command , the units definition ,

is delimited by commas . The units definition field , which is

optional , serves to explain the meaning of the numbers in the

list of values that follows . Typical units include :
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Table 2.  List of TDATR commands .

1 *N SOURCE values

2. *G-SOURCE(i)

3. *G_EVAL , units , values

4. *G_SVAL(i1 i2 ...), units, values

5• *G_STVAL , units , values

6. *G~GAUSS to B FWHM
7. *G_TIME , units , values

8. *y_NORN value

9. *y_YIELD value

10. *~~ < , units , value(s)

11. *GROUND, units , value

12. *RESP/z/(j i2 . .  .)

13. *LTIME/z/, units, values

14. *ATIME/z/, units, values

15. *TITLE

16. *EXC

17. *STOp

18. *FIN

y = N or G which stands for either neutrons
or gamma rays .

z = G or NG which stands for either gamma rays
or secondary gamma rays .
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Table 3. Synopsis of TDATR commands .

SOURCE - indicates that the ith source option will be chosen
- for prompt gamma rays or gives the weighting values

for neutron sources

EVAL - indicates that the energy group boundaries will
follow

SVAL - indicates that the energy dependent source intensity
will be entered

STVAL - indicates that the time dependent source intensity
component will be entered

GAUSS - parameters that define a Gaussian time dependent
source

TIME - time bins used for time dependent source specification

NORM - source normalization value follows

YIELD - yield of source

xx - indicates the geometry component and associated
values will follow

GROUND - specif ies  the ground evaluation

RESP - a response function selection for secondary or
prompt gamma rays will follow

LTIME - the local time bins of interest for time dependent
radiation environment will follow

ATIME - the absolute time bins of interest for time dependent
radiation environment will follow

TITLE - alphanumeric character string to be used as a title
will follow

EXC - an action command to execute the problem specified
by prior input

STOP - indicates the end of a problem

FIN - indicates the end of a TDATR session
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HEy - energy values

KEV - energy values

PER SEC - source normalization values

NANO - time values

Specific sets of unit definitions are appropriate for

each command , as will be indicated in subsequent sections of

this report . A default unit definition has been selected from

the set appropriate to each command , and is used whenever the

units definition with its surrounding commas is omitted.

The list of values element of an TDATR command is used to

specify the numerical data that a command may require . A

number in a list may appear in a variety of forms to suit the
particular user or problem. For example , some of the forms

in which the number 400. may appear are as follows :

400 400. 4.E+2 4E+2 4.+2 4+2 4000-1

At least one number must appear in a list of values element .

Two or more numbers are separated from one another by the
occurrence of one or more blank characters . Therefore , the

user is restricted from specifying a number in which internal
blanks appear , or which is split on two or more card images.

A further restriction exists upon the magnitude of such numbers:

since a number is interpreted as a function of up to three
in te ger parts (a whole part , a fractional part , and an exponent),

none of the parts of a number may exceed in magnitude the

greatest integer value appropriate to the host machine , nor can

the number generated from these three parts exceed the host

machine ’s allowable range of representable numbers.

Section 4.2.1 contains a description of other convenience

features associated with the entry of a list of values.

38

_ _ _ _  _ _ _ _ _ _ _



_ __ __

4.1 SOURCE SPECIFICATION

4.1.1 General Source Input Description

The specification of the source distribution for TDATR
is complicated by the fact that the prompt and secondary gamma
rays were treated rather differently during the parametrization

and the source specification must reflect those differences but

at the same time must also adhere to the general framework .

Since there are only three possible neutron source selections

for which secondary gamma ray data were parametrized , there is no

energy dependence as such but a mix of fission , thermonuclear
and 14 MeV sources is possible through the use of the *N_ SOIJRCE
command which allows for the specification of the three relative
weights. The detector response values corresponding to the

three source spectra are evaluated and multiplied by the cor-
responding weights and added together. The weights can be

normalized by the use of the *N_NORN command which specifies

the total normalization in neutrons/kT . The weapon yield can

be specified by the *N_YIELD command which allows the input of
the yield in KT of the weapon . There is no time dependence of

the neutron source , the weight factors act as a delta-function
source.

The prompt gamma ray source specification allows for a

full two-dimensional source spectrum , i.e. : specification as
a function of time as well as energy is possible. The source
component entry as the function of energy is facilitated

by the *G SVAL command and its corresponding structure ,

if dif fer en t from the data base , is specified by the *G EVAL

command. There are four different ways that the source values

can be defined as a function of time :
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1. Delta function

2. Gaussian

3. Separable time-energy functions
4. Individual source values entered into the

time-energy source matrix

The differentiation of the various types is specified by
the *G...SOURCE(i) command where i is the index of the source
types corresponding to one of the above choices. If S(E,t)
represents the source spectrum as the function of energy and
time , then the energy dependen t delta-function values (at t=0)
are specified by a special form of the *G_ SVAL command.

There is a special time dependent shape of the source spec-

trum that can be entered via the use of the *G_GAUSS command which
is of the following form :

- 

( r- t 0
) 2

2
f ( t )= B e  2a

where t is the mean of the Gaussian , B is the amplitude at
t=t

0 given by: B = (a/o /~
‘
~ ) where a is a constant and o is the

variance that is related to the full width at half maximum (FWHN)

by the formula:

FWHM 
= FWHM*.42466

2 /~~/-9-n .5

The *G_GAUSS command contains the value of to in units of
shakes , B in units of MeV/second and FWHM in units of shakes.
Then TDATR will evaluate o and will place the time dependent
values into the array S(E,t) by weighting the Gaussian values
by the energy dependent source values entered via the *G_ SVAL
command. Also , the value of B will be modified by the time
independent energy spectrum from MeV/sec to photons/sec by
using the average energy . The time values at which the S(E,t)
are evaluated is entered via the *G_TIME command which also

applies to the third and fourth type of prompt gamma ray source .
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The third type of prompt gamma ray source assumes that

the source spectrum is separable in time and energy . That is ,
the source function S(E ,t) can be written as: S(E,t) = g(E)f(t).
The function g(E) is strictly a function of energy and is
entered via the *G_SVAL command; the energy structure is given

by the *G..EV~~ command or it defaults to the internal structure.
The function f(t) is strictly a function of time and is entered
via the *G_STVAL command with values corresponding to source
time boundary values entered via the *G_TII€ command. The
S(e ,t) matrix will be filled in by the point by point produc t
of the two functions.

The fourth type of source definition allows for an entry

of every matrix element of S(E,t) by the use of the *G_SVAL

command that allows for a time index to be specified where the

energy dependent values are to be entered. Again , the energy

and time structure can be entered via the *G.EVAL and *G_TIHE

commands respectively.

For prompt gamma rays the commands *G_NORN and *G_YIELD

commands also apply; the app lication ~f normalization and

yield will take on the following form. If N is the value
of the normalization in photons/KT , Y is the value of the

yield in KT and S’(E,t) is the source matrix in per MEV per
second , then the final source spectrum is described by:

S(E t) = NY S’(E t)
If S’(E ,t~ dE dt

where the double integration becomes a double sum since the *

energy and time boundaries are discrete values corresponding
to the discrete values of S’(E,t).

The maximum number of energy , time or source values
allowed is arbitrarily limited to 50.
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4.1.2 Specific Source Commands

4.1.2.1 *N...SOURCE values

This command specifies the three source weight values

separated by one or more blanks that will weight the results

of secondary gamma rays from the neutron fission , thermonuclear

and 14 MeV sources respectively. If less than three values are
entered, then the remaining weights will be zero . There is no unit

definition for these values since they are simply used as weighting

factors for the respective source contributions. Aside from the

optional *N_NORM and *N_YIELD commands , this is the only command

necessary for the neutron source definition .

Examples:

*N~SOURCE .25 .25 .5

which specifies a weighting factor of .25 for both fission
and thermonuclear sources and a weighting of .5 for the
14 MeV source.

*N~SOURCE 0 0 1

which indicates that only the 14 MeV source is used.

4.1.2.2 *G_SOURCE (i)

This command specif ies  the intended source spectrum struc-
ture of a promp t gamma ray source. The value of i is 1, 2 , 3 or 4
denoting one of the four types of sources that were detailed in
Section 4.1.1. Other accompanying commands will specify the
value details of the source spectrum . Note the similarity

between this command and the one described in Section 4.1.2.1.

Example :

*G_ SOURCE (2)

which specifies that a Gaussian-type source will be used
for the prompt gamma ray source spectrum and the para-
me ters of the Gauss ian will be sup plied by the accompany-
ing *G..GAUSS command.
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4.1.2.3 *G..EVAL , units, values

units = MEV , KEy . If “ ,units,” is not specified then

the default is MEV.

values = energy point or histogram values from low

energy to high energy ascending order.

Note that if units are not specified than the surround-

ing commas must also be omitted. The distinction between point

or histogram values will be made by TDATR by counting the number

of values entered with a corresponding *G_SVAL command. If the

number of values are the same then a point value is assumed , if

there is one more energy value than source value then a histo-

gram value structure is assumed , otherwise the code will indicate

an error condition .

If this command is not present then the code assumes the

internal 18 group structure listed in Appendix A.

Example:

*G_EVAL .01 .03 .1 .4 .8 1.2 1.8 2 4 6 8 10

which represents the energy values for a prompt gamma ray
source in units of MeV which is the default.

4.1.2.4 *G_SVAL(i1 i2 ...), units, values

• 
~~k 

= ordinal indices of time bins into which

the values are to be placed separated by one or more blanks. This

construct will only be present when the fourth prompt gamma ray

source specification is desired because the delta function ,

Gaussian and separable source functions do not have an explicit

time index associated with them. If this construct is not pre-

sent then the surrounding parentheses must also not be present .

units = PER 11EV, PER KEy , PER GROUP ; the default is

PER GROUP . Note that point source values with a PER GROUP unit

specification make no sense and will result in an error con-

dition.
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values = energy dependent source values that will be used
to compute the actual source values . These values correspond
to a given set of energy values provided that the *G_EVAL com-
mand is also present , otherwise the values correspond to the inter-

nal 18 group energy structure. These values must correspond to
the energy values in an order which is low to high in ascending

energy order.

If the fourth source option is used then perhaps several
commands will be necessary to fill the whole source matrix. The
source values corresponding to unspecified ordinal indices will

be set to zero :

Examples:

*G_ SVAL (1 35) , PER MEV , .01 1.5 2 2.2 .9 .02

which has the effect of placing the six low energy source
values as a function of energy into time bins 1, 3 and 5.

*C_SVAL , PER GROUP , .1 1 2.2 0.5 1-3 2-4

which specifies the energy weights for the six low energy
bins for any one of the first three types of sources .
Note that the units definition is PER GROUP which is
superfluous since it is the default definition .

4.1.2.5 *G_STVAL, units, values

units = one of PER GROUP , PER NANO , PER SHAKE , PER MICRO
PER MILLI , PER SEC ; the default unit is PER SHAKE.

values = time dependent source values for the separable

source spectrum case; i.e. values of f(t) as described in
Section 4.1.1. The order of the values is assumed to be from

low to high corresponding time values entered via the *C_TIME

command.

Example:

*G..STVAL, PER SEC , 2 1.5 1 .3 .1 .01 .001

which specifies seven values corresponding to a time bin
structure that is entered via the *G_TIHE command.
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4. 1. 2.6 *G...GAUSS t0 B FWHM

The values of to, B and FWHM which are the parameters
of the Gaussian time dependent source function as detailed in
Section 4.1.1. The units of to and FWHM are shakes and B
has energy units of MeV/sec. The code will evaluate the average
energy from the time independent spectrum and modify B to
photons/sec

Example:

*G GAUSS 100 1 10

which defines a Gaussian time dependent source shape
centered at 100 shakes , has an intensity of 1 MeV/sec
and is 10 shakes at FWHN.

4.1.2.7 *G...TIME, units, values

units = one of NANO , SHAKE , MI CRO , MILLI , SEC ; the
default unit is SHAKE .

values = time histogram boundary values corres-

ponding to the time dependent dimension of the source speci-
fication . The values must be entered from low to high.

Example:

*G_TIHE 0 10 21.5 50 100 400 800 1+3 3+3
5+3 1+4 2+4 6+4 1+5 1+6 1+8
which specifies the time boundary values for the
prompt gamma ray source in default units (shakes).

4.1.2.8 *y...NORM value

y = N or G representing a neutron source or prompt

gamma ray source normalization respectively.
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value = total source normalization in particle/KT. There
is no default value for total source normalization and if this
command is not specified then the source values entered via
other commands will be used. The normalization procedure is
described in Section 4.1.1.

Examples :

*N-NORM 2+23

which normalizes the neutron source weights to 2xl023.

*G~NORM 1

which normalizes the total prompt gamma ray source spect-
rum to one.

4.1.2.9 *y~YIELD value

y = same as in Section 4.1.2.8.

value weapon source yield in KT. The default value
of the yield is one and there is no explicit unit definition for
this command.

Examples :

*N_yI EI~D 100

which specifies 100 KT as the neutron yield of the weapon .

*G_YIELD .02

which specifies .02 KT as the yield for prompt gamma rays .

4.2 GEOMETRY SPECIFICATION

4.2.1 General Geometry Input Description

The geometry configuration for TDATR is illustrated in
Fig. 14 where the component coordinates are :
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Hs (HS) = source altitude

HT (HT) = target altitude

Rs (RS) = slant range

RH (RH) = horizontal range

0 (AN) = slant angle

Three consistent comp onent specifications define a complete
geometry configuration with respect to the groun d level (as
long as one of them is either HS or HT), and the other two
components can be calculated from the three . TDATR, therefore ,
requires the specification of three geometry components one of

which may have several different values up to 50. The specified
output results are then displayed for the various geometry com-
binations . The format of the input commands is

*xx, units , values

where xx is replaced by one of HS , HT , RS , RH , AN. The unit
options include most of the reasonable units that are appropriate
(see Section 4.2.2.1). Values may be specified in a list
separated by blanks or in the format : n1 (n) n2, signifying
values ranging from n1 to n2 in steps of n. In this case n2
must be arithmetically greater than n1. Another construct for

entering values is of the form r*v where r is a repetition
factor and v is the value to be repeated r times . Any of
the constructs or mixture of constructs may be used for the
definition of the values . The description of these two con-

venient constructs is most appropriate here ; however , they can

be used with any other command that requires a list of values
for input .

Two of the possible geometry configurations result in
ambiguities. When RH , RS and HT are specified , there is no
inherent information whether HS should be placed above or
below HT. In order to resolve the ambiguity the characters
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“+“ and “ - “ should be used with the *HT command to indicate
that HS should be placed above or below HT respectively (e.g.,
*HS... 1000). The other ambiguity occurs when RH, RS , and HS are

specified and the placement of the target height is in question .

In this case , the + and - characters are used with the *HS

command to place the target above or below the source respectively.

If no character is specified then the default is +.

There is also an option in TDATR to move the ground to a

desired al titude . It is effected by the *GROUND command and all

specifications involving HS and HT are interpreted relative to

the ground. When sequential runs are computed with TDATR , the

ground is not automatically reset to zero unless respecified

by another *GROUND command or a *STOP command is encountered.

4.2.2 Specific Geometry Commands

4.2.2.1 *xx, units, value(s)

xx = one of RH , RS , HT , HS and AN denoting horizontal

range , slant range , target height , source height , and slant

angle respectively (Fig. 14).

units = one of M (meters),KM , MILE , YD , KFT , and FT for

the distance specification and one of DEC (degrees), RAD
(radians), and COS (cosine) for the angle specification . Be-

cause of the symmetry of the geometry configuration about the

source , the range of admissible angles is from _900 to +900.
Default unit for the distance specification is N (meters) and

for angle it is DEG (degrees).

value(s) = one or more values of the corresponding geo-

metry component. The maximum number of values for any coordinate

is aroit:arily fixed at 50.
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As mentioned above, three of the geometry commands define
a complete TDATR geometry . Each geometry component may have
several values in principle; however , the intended use is for
two of the components to have single values and the third com-
ponent to have one or more running values. Another typical use
is to have multiple values for two components and one value for

the third , in which case the two components with the multiple

values will be successively paired and used with the single value

of the third component .

There is a special unit definition option (GM) for xx = RS

which is allowed if the following geometry configuration is

specified: HS , HT , RS. In this case the values associated with

the xx = RS command are interpreted as g/cm2 of the slant range .

The GM unit option is restricted to this configuration only.

Examples:

1. *HT + , 1KM, 1
*RS, KFT , .5 (.5) 10
*RH 100

which specifies the target height at 1 kilometer ,
several values of the slant range starting at .5
kilofeet and ending at 10 kilofeet in steps of .5
kilofeet , and the horizontal range at 100 meters.
No te that the dif f eren t coordinates may be specified
in d i f ferent  uni ts .  Also , the source altitude will
be calculated to be above the target altitude .

2. *HS 2000
*AN , DEG , 10 (10) 80
*RS, KN , 1

which specifies the source altitude at 2000 meters ,
the slant angle ranging from 10 degrees to 80 de-
grees in steps of 10 degrees , and a slant range of
1 kilometer. The DEC unit specification for the
slant angle is superfluous since it is the default
unit.

3. *}~s 1KM , 2
*HT , KM , 2
*RS , GM , 50 120 380 410 550
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which specifies co-altitude of both source and target
at 2 kilometers above the ground and the slant range
of 5 different values in units of g/cm2.

4.2.2.2 *GROUND, units value

units = same as distance specifications in 4.2.2.1.

value = distance of the ground relative to sea level
for the TDATR problem geometry .

If this command is not specified then sea level will be

used for the ground level. If this command is specified ,

corresponding HS or I-IT specification s are interpreted relative

to the ~~~~~~ level.

Examples: 
~j

1. *GRO~~D KM~~.5

which specifies the ground to be at a half kilo-
meter .

2. *GROUND 500

which has the same effect as Examp le (1) since the
default unit definition is meters.

4. 3 OUTPUT RELATED SPECIFICATIONS

4.3.1 General Output Command Description

These commands allow the user to specif y the output con-
f igura tion of resul ts  from TDATR. The *RESp command specif ies
the type of response that is required for output . It can specify

any or all of the following :

1. Total Fluence
2. Tissue Dose

3. Concrete Dose

4. Air Dose

5. Silicon Dose
6. Tantalum Dose
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The response functions used to generate the doses are listed

in Appendix A.

The output times can be specified either as local time
by the use of the *LTIME command or as absolute time by the

use of the *ATIHE command. Only one should be specified but

both appear on the output .

The *TITLE command is used to provide the title for the
individual TDATR problem and it is useful when several problems
are run in a given TDATR session .

There are three control commands that are also described:

*EXC , *sTop , *FIN. After the source , geometry and output
comman ds are sp ecified f or a TDATR problem , the *EXC command

is used to execute the problem and display the results. For
subsequent problems only those elements of the problem description

are needed to be specified that differ from the previous problem .

If radical changes of problem descriptions occur then the *STOP
command should be used to reinitialize the parameters of TDATR

and the problem must be described in full detail. The *FIN

command is used to terminate a TDATR session .

4.3.2 Specific Output Commands

4.3.2.1 *RESp/z/(j i2 . . 
.)

z = either C or NC representing prompt gamma rays or

neutron generated secondary gamma rays respectively .

= response option indices separated by

blanks . These are single digit numbers (1 through 6) cor-

responding to the fluence and dose options described in Section

4.3.1. Any or all of the six options may be present in any
order.
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Examples:

1. *~~Sp/G/(l 2)

which specifies the output of total fluence and
tissue dose for prompt gamma rays.

2. *RESp/NC/(3 4)

which specifies the output of concrete dose and air
dose for neutron generated secondary gamma rays .

4-3.2.2 *LTIME/z/, units, values

z = same as in 4.3.2.1.

units = one of NANO , SHAKE , MICRO , MILL I , or SEC repre-
senting the possible time units. The default is NANO when the
unit definition is not specified in which case the delimiting
commas must be absent.

values = local time values from low to high order re-
presen ting the local time boundary values used for the time

dependent output .

Examples:

1. *~‘~‘fl~~/~ / .05 .1 1 10 25 35
40 60 80 100 300 500 800

which specifies the output local time boundary steps
for prompt gamma rays in nanoseconds which is the
default unit specification .

2. *LTIME/NG/,SEC ,5_ 1O 1-9 5-9 1-8 5-8
1-7 6-7 1-6 3-6 6-6 8-6

which specifies the output local time boundary steps
for secondary gamma rays in seconds .

4.3.2 .3 ~ATIME/z/, units, values

z = same as in 4.3.2.1.

units = same as in 4.3.2.2 including the default para-

mete c.
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values = absolute  t ime values from low to high order
representing the absolute time boundary values used for the
time dependent output .

Only one of *LTII€ or *ATIME should be specified for a

given TDATR problem per “particle ” .

Examples :

1. *ATI ME / G/ , SEC , l_ 7  1-6 1-5 1-4 3-4
6-4 103 102 .1 .3 .5 1

which specifies the output absolute time boundary
steps in units of secon~s for prompt gamma rays.

2. ~ATIME/NG/,MILLI , 1-4 1-3 1-2 .1 .3
.6 1 10 100 300 500 1000

which snecifies the same values for output absolute
time as in Example 1 , only the unit specification is
different and it applies to secondary gamma rays .

4.3.2.4 ~TITLE n

n up to 74 characters used as a problem description

title to identify the output . The title will remain in effect

until rep laced by a new ~TITLE command or cleared by the effects

of the ~STOP command.

Examp le:

1. ~TITLE SAMPLE TDATR PRO BLEM 1

which would result in the string “SAMPLE TDATR
PROBLEM 1” being disp layed with the output of
TDATR results.

4.3.2.5 ~EXC

The effect of this command is to execute the TDATR

problem th .it is specified. The relative order of the previous ly

V 
_
)  -~ 

.

~~~ ~~~~~~~~~ 

-

~~~~~~~~~~~



~~~~~~~----- - _ ~~_ -~~~~~~~ ~~~~~~~~~~~~ 

desc ribed commands is immater ia l  but when this command is en-
countered the speci f ied  problem is executed .

4.3.2.6 *STOP

Thi s command clears a l l  f lags  and internal  bu f fe r  areas
set up -v previous specifications . TDATR is initialized and a
complete nroblem specification must follow this command.

4.2 2.7 ~FIN

This comman d terminates the program with a FORTRAN STOP .

____  ______________ ______________ _______________
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APPENDIX A

TABLES OF PERTINENT PARAMETERS

Table A-i . Source and detector energy boundaries for
prompt gamma rays , and detector energy
boundaries for secondary gamma rays (11eV) .

1. 0.02 - 0.05 10. 1.33 - 1.66

2. 0.05 - 0.1 11. 1.66 - 2.0

3. 0.1 - 0.2 12. 2.0 - 2.5

4. 0.2 - 0.3 13. 2.5 — 3.0

5. 0.3 - 0.4 14. 3.0 - 4.0

6. 0.4 - 0.6 15. 4.0 - 5.0

7. 0.6 - 0.8 16. 5.0 - 6.5

8. 0.8 - 1.0 17. 6.5 - 8.0

9. 1.0 - 1.33 18. 8.0 - 10.0
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Table A-2 .  Source spectra for neutrons .

Weapon Fission Thermonuclear
Source Values Source Values

Group Energy Boundaries (Fraction (Fraction

— 

(11eV) in Group) in Group)

1 l.07(—7)- 2.9(—5) 0 0

2 2.9(5) - l.Ol(-4) 0 2.O0(-3)

3 1.01(-4)- 5.83(-4) 0 2,4O(-2)

4 5.83(-4)- 3.35(-3) 0 l.22(-l)

5 3.35(-3)— 0.111 2.227(—l) 3.65(—l)

6 0.111 — 0.55 l.693(—l ) l.O2(-1)

7 0.55 — 1.11 2.159(-1) 8.50(-2)

8 1.11 - 1.83 1.468(-l) 6.2O(-2)

9 1.83 - 2.35 l.06O(-1) 2.80(-2)

10 2.35 - 2.46 5.743(-3) 5.00(-3)

11 2.46 - 3.01 2.871(-2) l.90(-2)

12 3.01 - 4.07 5.48l(-2) 2.60(-2)

13 4 .07 - 4.97 l.l77(-2) l.70(-2)

14 4.97 - 6.36 1.832(-2) 1.80(-2)

15 6.36 - 8.19 l.274(-2) l.47(-2)

16 8.19 -10.0 7 .342 ( -3 )  l .4 1( -2 )
17 10.0 -12 .2 0.0 2.56(-2)

18 12.2 -15.0 0.0 7.06(-2)
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Table A-4. Detector local time boundary values
for promp t gamma rays .

Group Time (sec) Group Time (sec)

1 0.000 14 l.000(-7)

2 l.000( 9) 15 1.458( 7)

3 l .468 ( -9)  16 2.l54(-7)

4 2 . 154(—9)  17 3 ‘ 2 ( — 7 )

5 3.l62(-9) 18 4.642(-7)

6 4 .642( -9 )  19 6 .8 l 3( - 7 )

7 6.813(-9) 20 1.000(-6)

8 l .000( -8)  21 l .468 ( -6 )

9 1.468(-8) 22 2.154(-6)

10 2.l54(-8) 23 3.162(-6)

11 3.162(-8) 24 4.642(-6)

12 4.642(-8) 25 6.8l3(-6)

13 6 .8l3( -8)  26 1.000(-5)
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Table A-5. Detector absolute time boundary values
for secondary gamma rays .

Group Time (sec) Group Time (sec)

1 0.0 22 l.78(-4)

2 2.l5(-7) 23 2.05(-4)

3 4.64(-7) 24 2.37(-4)

4 1.00(-6) 25 2.74(-4)

5 l.78(-6) 26 3.16(-4)

6 3.l6(-6) 27 4.22(-4)

7 5.62(-6) 28 5.62(—4)

8 1.00(-5) 29 7.50(-4)

9 1.33(-5) 30 1.00(-3)

10 l.78(—5) 31 l.58(-3)

11 2.37(—5) 32 2.51(-3)

12 3.16(-5) 33 3.98(-3)

13 4.22(—5) 34 1.O0(—2)

14 5.62(-5) 35 l.78(-2)

15 6.49(-5) 36 3.16(-2)

16 7.50(-5) 37 5.62(-2)

17 8.65(-5) 38 0.10

18 1.00(-4) 39 0.316

19 1.l5(-4) 40 1.00

20 1.33(-4) 41 2.00

21 l.54(—4)
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APPENDIX B

DENSITY SCALING OF THE TIME DEPENDENT BOLTZMANN
TRANSPORT EQUATION (BTE) FOR NEUTRAL PARTICLES

In this appendix we prove the general scaling law for the flux

that exists between systems having material densities which are

distinct but which are constant in space and time . Specifically,

let the flux in system 1, ~1(~ 1,t1,E,~~), be known , and let it be

desired to calculate the flux in system 2, ~2(~2,t2,E ,~ ). If

the following relationships are true

(1)

= k 1
~~1 

(2)

= k~~~t~ (3)

S2(~ 2,t2,E ,~~)d 3~ 2dt2 = S
1(~~1,t1,

E ,?~)d
3
~~1

dt1, (4)

then we conclude

~2 2 , t2,E ,~~ = k 3
~ 1(~ 1,t1,E ,~i). (5)

To show this we write down the BTE for system 1

1 ~~ (r ,t ,E ,~i) —

V ~~t
1 

— 

~ 
r1, 1’

-

— Pi
.
~~t
(
~ 1,E) 

1
(~j,t1,E ,~~)

+ p
1
.fd~Zj~fdE~o (i E’)~ G(E ’ ,~~~

‘ ,E ,~).

(6)

where the notation is conventional.
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We now make the substitution indicated by Eqs. (1-4) into Eq. (6).
Note the following :

~ _ l 
~ 7k

(8)

Also Eq. 4 can be written as

S1(~j , t 1. E ,~~) = —~S2(F2,t2,E~ ?~) (9)

Thus we have

) = —~S2(~ 2,t2,E ,~ )

-

-

- k

G(E’ , , E ,c)~~~.r1,t1,E’ ,~~) (10)

Now if we make the substitution

~2(~ 2,t2,E,) = k
3
~ 1(~ 1, t1,E ,~ )

into Eq. (10), we get the BTE for system 2 and our conclusion
follows .
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APPENDIX C

The time dependent radiation environment is determined

by a convolution of the time dependence of the source and the

time dependence of the radiation transport res’;lts obtained

for a delta function source . That is

ft t
Q (t) = S(i) ~ ( t- T)  dT = f  f ( T )  dT

0 0

where

S( T ) is the t ime dependence of the source

~ (t-T) is the time dependence of the transport of radiation

and

~ (t) is the desired radiation environment .

The following figures represent some plausible examples of the

functions involved in the convolution . The functions S(-r) and

4(T) represent the source function and the transport function

respectively in the first two figures. The third and fourth
figures represent the pictorial view of the components of the

convolution . The third figure shows the transport function

~~~-T) as rotated about the axis and the fourth figure shows

the same function shifted by the constant to and superimposed

on the source function .
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S(t)~~~~~~~~~~~~~~~~ ~ (t)

given t = t
f(T) = S( T) ~ (t 0

- .T )

_ _  

~ (t~~~~~~_ _

- n t
0

Although both S(t) and ~~~t) are treated as histograms
in the code , they can be thought of as continuous functions
by properly interpolating on the histogram values.

Typ ically, S(t) is a smooth continuous function such as
a Gaussian , and this analysis is based on that assumption . The
nature of q (t) is such that its time resolution , relative to

S(t) may be very coarse. Therefore , if we consider the range
of integration as being over S(t) , for theoretical considerations
we can take ~~~t) to be slowly varying over the range of S(t) and

thus a method of integration considering functions which are no
more complicated than S(t) is adequate.

Experience has shown that for most smoothly varying , well-
behaved functions the method of gauss quadratures performs very
well. The 12-poin t Gaussian quadrature can be written as:

af

b 
f(t) dt = c 

~ 
wi~ f[

a + c(l+x~)] + f[a + c(l-x
~)]~ 

(l)

66



where -

x~ = interval weights , 0 < x ~ < 1

6
= amplitude weights , ~ w~ 1

i=l

b-ac = — ~—

The esse n ce of the problem is the represe n tation of the
various functions involved. Normally, all three of the functions :
S(t), ~- (t), ~~t) have different time resolutions and therefore
the interpolation method may be important. In order to preserve
the maximum overall s tructure a three-point Lagrangian inter-
polation is generally adequate. In some cases , however , a two-

point (i.e. linear) interpolation may be adequate but for further
accuracy a higher order spline interpolation may be required. A
parabolic (three point) interpolation is an adequate compromise for

most of the problems being considered and is thus utilized in TDATR.

If we let t~ represent the discrete time values and let

~~ 
represent the cor responding function values of S(t

~
) or q (t~)

then the form of the three-point Lagrangian interpolation is
as follows : given points: (t1,y1), (t2,y2), (t3,y3) and a
point t such that t1 < t < t

3 
and Jt- t 2 1 < mm { I r - t 3 1

where i . . .  denotes the distance norm , then y
corresponding to t is g iven by:

(t-t
2
) (t—t

3
) (t—t

1
) (t—t

3
) (t-t

1
) (t-t

2
)

y = y1 (t
1
-t

2
)(t

1
-t
3
) 

+ 
~2 (r 2 - t 1)(t 2 -t~~ 

+ 
~3 (t

3
-t

1
)(t

3
-t
2
)

This scheme forms the parabola defined by the three given
points and evaluates the point y corresponding to the given t
f rom the parabola . Sin ce the so lu tion o f the convolution integral
is an important part of TDATR , it is useful to consider the amount
of computer time consumed by this procedure .
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The following components of the total time must be
taken into account :

T1: time of interpolation

T2: time of functional evaluation

T3 : time of integration

The interpolation time can be minimized by keeping track of the
interval and if it is the same as before then certain inter-
mediate variables can be saved and need not be computed every

time . There are some other overall efficiency considerations
which could be exercised but will not be discussed further.

If the floating point multiply of a computer is used as
a unit of operation , an add/subtract as a half unit and a
divide as four units then an estimate of the computation time

can be obtained in uni ts of multiplication times. The follow-

ing estimates for the three times are obtained by simply
counting the number of operations in the above equation and in
Eq. (1):

T1 
(add/subtract) + 9 (multi ply) + 3*4 (divide)

= 28 units

which , in principle , has to be evaluated for every point.

T2 
= (add/subtract) + 4 (multiply) + 4T1

= 118 units

this gives the number of units necessary to evaluate the

quantity in Eq. (1) which is in brackets.
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T3 
= 7 (multiply) + 6T2

= 715 uni ts.

There are other overhead operations which will increase the
time somewhat but , on the other hand , if there are functional
or parametric representations of S(t) and ~ (t) then the
interpolation time can be greatly reduced.

For the Univac 1108 this analysis gives about 1.9 msec
per one point of ~-(t). If the in terpolat ion is performed in
log space then an extra 20 un i t s  must be added to T1 for the
exponential function . This gives a t o t a l  of 1195 units or
about 3.1 msec on the Univac 1108 computer . This would entail
that both S(t) and ~ (t) exist in log space as well and
th at logs need not be taken at every step of the int erpolat ion .
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APPENDIX D

TDATR SAMPLE PROBLEMS

The following seven sample problems constitute a repre-
sentative set of the capabilities of TDATR. The first three
examples are concerned with the secondary gamma rays due to
different neutron sources . The rest of the problems show
examples of prompt gamma rays due to sources of various con-
figuration .
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Sample Problem 1

This problem presents the results due to a neutron
fission source for secondary gamma rays . Two responses :
tissue dose and silicon dose are presented at a geometry con-
figuration of source and target heights at 1 km and a separ-
ation of 500 m . The output absolute times are entered in J
units of seconds .
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TDATR SAMPLE PROBLEM 1 - INPUT

* T L T L I  TS S T ’fl-~ S(JUR( F S~~~ C [ I P.J [ ) 4 p Y  (1A M M A  R *Y S A l  1 K M
*N—S flLRIF I () 0

*HS .K~4 , 1

*I~S 500
c )

*A TTM I ./Nr ,/, SF I , 0 ~~~~~~~~~~ 1. ’~i t  5. A—h l.S 3 - 2.S~~ 5 ‘~.2~~ 5 4 S . 5 5
R ,b 5—5 1 .I5— ’i I .~~~— 4 2~~1k ? . ? a —a ~~. ?? — ~

I 7 .’ —Ii I.SR— ~ i— 3 1.8—2 S.~~— 2
.1 .~su , I ~~~• 99~~~
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TDATR SAMPLE PROBLEM I - OUTPUT

t f l A T ’ ~ P~~(JH1EM I~~HF;~ I t SS II)~J S0U~~CF 51 r 1)NoAw Y ~~~~ lA y s *r 1KM
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*j I . ! I~~ L H r j  S I i u ~~CE ~, r i I M A t I / A l J ( I N :  I • 0 0 0 [ - i - o n  ‘ E I l T ~~ I f l 4 S / K T
‘V III 0: I ,00’ ) r -i ’ )  c i  T I C I A t  l f l h 1 P U T ~ I , t l0 f l ~~+(~0 ~J I. t I Tl .~f l ’J S
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4 * 4  * * * A * 4 *  * * 4 4  * * * * * * * * * * * * * * * * * * * * *

F ’ k i l H p F M  14 1 ,401 41 1 V 7 5 5 1 1 ) - I  Sn~~~CI ~ f f - r A ~~Y G~~~~ A ~~A Y 5  A l  I~~u

* * * * * * * A * * * A 4 * * * * A * * A * A A * * 1 - 4 * 4 4  * * * *
I L V I . ! ~~~~~~~~~~ -4 .nnrl( ;~-’/c o k A ? ,  fl ,d ) f l f l ) < F T , fl . 0 0 0M 1 L F S

* 4 4 u ~ .~ (/ • !44 N(;F ~ l~~’, . 1 r I ~ ’ , ‘,‘,.5~~S ( ; M/ C M~~* .), • 4-. , j n ’~r 1.  (l . S I I M I I F S
SI A ’ 41  4A’ . i~ ,!- )-I S~ fl •

5 ) ( 4 . ~-’, ~ R~~f 1-1/ C’~ * *? , I •~~ 4~~K F 1  , 0 ,3 1  I M T L I -  S
J A l. I.F F 4 (  I • I • 

()~~)*  M 
~~~~~~ • I ’l l 1,0/ C - ’ * * ,), • ?M I ‘~F 7 , n .h2 I I LF S

;~ I4s . .,(~f -‘ j T , MS: l . 1 ) I , 4 0 ,  I1t, .I~fl1~~1/(~~~* k ? ,  ~ . ?R l * F t , fl .~-.~’I~-j 1 1 F S
a S L A ’ J I A N I . I  E1~ ~~~ n .f ( 1 ~F F S  ( C ’ ) S  I . 0 0 0 0 0 )

* r A L r l ~I 4 1 F F )  I .’~t~~’ 14 iF V~ C l ,~1 l l f l 1 M A T 1 S

4 4 4 4 *  * * * * * * * A * * * * * a * * * * * A * 4 * 4  * * * * * *

‘;~ C C i ~~i ’ A P V  ‘ A M M A  I I sS I L I~i i$ E (‘ .141) 151-C)

~ 4 1Sl .IL l i t  I I I CA I
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9 1l .320f ;9 2.,9~~t ? ,’
7 c . ce’ o~~— o ;  s . 1 ’ 4 c 1 - — i ’ ~~~~~~~~~~~ 9 .~

)Q 1 E— ,,0 ‘) .09 1 E — ? f l  ?, V,22 F 2 2
11 7 .ci’,F —~~~~ 1 .!l ( - ~ i f l ’, f l . f i f l f l l  0 t  ~~~~~~~~~~~ ~ .Q$

~~F— ,’n ?. #~~ 2 F 22
‘~ I .~~0 F f - 0 4  ‘)~~ ‘4C~M1- ..p~ 0 .000 1 - — n i  F~. ~ F f l ~ 20 e~. 3 7 0 r - — 2 0

t o  I • S4 ’ s F ~~~-J I • ~?RF (114 (I. I ) Q 0 1 -- f l 1  4s ,(S 0 f . .  V .4 L)flF ?C, 2. PA7 ’ . , ?~~
I I  I • / 1~~~ f~~J I. 7’-,~ F —(1 14 v~ •~~~~~~t — ( 1~ V, . I”)F ?( 1 V, . f l 4~9I- ~~~~ ~~

, F f l ? E — ,’,’

~~~ 
,~ ç i ~~F — O ~ ~~. 

ç ’, ~1- —~~a 0 .0° ( ’ l—O i ~~~~~~~ — ,,~~ ~~~~~~~~~~~~~ ?. 11171- —~~~~

I ~ 4 . II R n F — 0 4  ~~~1 4 I  ‘.1- u(i f l . 0 0 0F 0 I  ‘-~.7u;F — ?O c. 1.4 ~F — 2fl 2. R3c! 1~~’?
‘~ .~4 V.’ C( F 

~~ )‘j 5.M~ ~I (114 ,) ,OI)fi[ () I ~~~~~~~~~~ 
,‘0 S . .’ ..’ l l ,’f l  ~~. o~ 1-

I~~ 1~~ 1 V ’ ’~ —n- S ~~~~~~~~~~~ i ) . r p f l f l F f l I  I,.hFV, f ?O ‘I.’,Fhl 20 ~.s 91 L — ~’,’
j 4

~ 
?. 7 f lE’n~ • (

~~~ 1 - — n~ n - . f l ’ ) f l f f l l  14 ,f l f ,.’() l 4 . f l 1~~1 ? f l  i . 1 V IL - 2 ~~

i~ I . i O f l !—~~~ I . Il l )
~ ~~0i’ f l .f l ( )fl~ 01 ~•(I 7~~E~~,’fl ~.l7 (41— ~~fl R .#~~sF— 2~’

1 R 4 ,~~E’ ( 1~~~ ,)2 ~~. i f l n F — o 2  ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ l. bS~~F~~?O I. aQ’ f l — 2 l
l~~~ ~~~~~~~~~~~~ f l 2  F .R~~ôF ? f l . 0 0 0 f  — 0 1  V,.~~3flF 2I 4’ .b3~ F 21 ~~

. 79I 1 2 1
?~) ,) . O R n I . — n 1  ? .f l (fl 1 - — f l~ o o ~~F 0 1  I . S l o1 - ’ l  1 . % F O I 2 i

?l V~.’-~~ n 1 f l I  V, .S M fl 1- . .fl 1 0 . 1 ) 0 0 1 - — O l  S.~~~~ I.~~ ’S ~~.023( ?3 ? .1 2 I E 2 1

?~ 1.~~0 L + nô l .~~’~~ 1 - + f l 0  0 . f l f l f l~~~~~~ O I  I .b ? R E ?2 I .~~~~?~~~ E~~~~~’2 2•2 R1~~~ 2 1
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TDATR SAMPLE PROBLEM 1 - OUTPUT (Cont ’d)

SICON OA Q Y G A M M A  S I L IC ON POSE (14A 0/SEC )
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Sample Problem 2

This problem is the same as the first one except that
it presents the results from a thermonuclear neutron source.
Since only the source and title changed from Problem I, those
are the only input specifications necessary .
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TDATR SAMPLE PROBLEM 2 - INPUT

*~~j flj . T HFWMI )P 4 .(JC (1A P S I(IRCF SF C I ’Ii4PApfl f (A M M A  R A Y S  aT 1 k M
() I 0

*1: %C

77

_____________________ -~~~ ~~~~~~~~~~~~~~~~~~~ 
-



~~ k;e~~~: Ld .

TDAT R SAMPLE PROBLEM 2 - OUTPUT
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TDATR SAMPLE PROBLEM 2 - OUTPUT (Cont ’d)
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Sample Problem 3

This problem is the same as the first one except that

it presents results from a 12.2-15 MeV neutron source , thus

only the source and title specifications are necessary .

I
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TDATR SAMPLE PROB LEM 3 - INP UT
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TDATR SAMPLE PROBLEM 3 - OUTPUT
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TDATR SAMPLE PROBLEM 3 - OUTPUT (Cont’d)
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Sam~le Problem 4

This example presents results due to an 8-10 MeV prompt
gamma ray delta function source. The requested responses are
the concrete and air dose at 1 km co-altitude with a source-
target separation of 800 m. The output local time mesh is
given in seconds , and it will be used for all subsequent
problems .
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TDATR SAMPLE PROBLEM 4 - INPUT
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TDATR SAMPLE PROBLEM 4 - OUTPUT

ID A T ~ P POH LF NUFII3ER I 0 — 1 0  1-1~ V S 0 ’ J O C F  PR I IMPT  G A M M A  R A Y S

* * A * * * * A * * * 1 * * * * * * * * * * * * * * * * * A A * * * *

GA M M A sIlIJwr.F I I 1I~~~44 4 I IA I i ( l~~: I • 0 0 0 E + o ( 1  ( ;4 ’ -~~ A s / ~ I
~~ 1 F l  fl : 1 . 0 0 0 4-  A l I l) 4 - I  T O T A L  I l ’ l T P I ( 1~~ l ,fl~)O f . 0 O  f ,A M 1- lA S

T I ’ 14 -  ( 5 4 - C )  / [ l - 1 -  or;~ 1 I ) ,F P G i  2 IN !  1 /G Y  5 4- s~ ‘ic.- ~ I N 1 -R1,Y 5 4- N 4 - Rr.Y 6

0 . 0 0 ( 1 0 1 — 0 1  0 ,(1 ) 0 (  — 0 1  () . 0 , - 0 1 - — 0 l  1 4 , 1 1 1 0 1 — 1 4  )1 . 1 1 , , ) 4 - — , 4 l  1 I . 0 l )01 0 I  0 . f l (~0I. — 0 I

* * * * A 4 • A * * ~ * A A * * A * * A * * A * * * * A * * 8 * * * A

T I — I F ~~~~ / 1 - 5 1 - 1 4 .4- 1 1- ~~I ~~~~~ — I j ~ ‘~~,Y ‘I I ~~ o r ; y  ~n 4 - ’ .i Pr, Y I I  F~~ f P 1 Y 12

fl~~~0 0 l l f - 4- —I ) 4 1 . 1 1 00 1  — ‘ I I 0 . l ) 1 1 0F 1 4 I  fl .0 l 0 —~~ t 1, Il~ 1 4 ( — , ) ~ ,1 , 0 ( , 0 4 - — ( ( l 0 . 0 0 0 4 -  — 0 1

* * I * A * * * * * * A * * * * 4 * A A * * A A * A * * * * a a *

T j  ~ ( ‘ 4 -  C )  / I o4 -  P1. v I 4 4- - ‘ I . Y I I Y 
~
‘ 4- - 1 ‘- -~~ ,- i~4- R(, Y 1 7 4- NF -i f_.Y 4 4 1

fl~~0 Q I l ( 4 - _ 1 4 %  l~~~’ ) I ( l 4 - — l C4 .I) l I F _ l ) I 0.00-~1 - — i ’ l ‘l,4 1 ~~4 - — i ’ I  ) .0) lOf O I  1 .0 00 1 +0 0

A a * • * • * A * A * * A A * A * * * a * a A * • * a a a * a a A * *

l I 1AT ~~ ‘~~ , I s !  F — .  , ll . . Il 1 - l~ I ~ — I l l  ~ 4- Id c _ I l  P, I (  I-’ I  - ‘ -~~ -~~~ - a v s

A • A A * A A * * * * A A • A A A * * A A A * A A • I A  * * A A * * *

I . l) V I I  
• 1 1 ,. II , fl , - 1 f l o l .~~~/ f * * . l , fl~~ 0 f l I ’ ” 4- I , fl . I 1 0 I I F S

(I- I / • 4* . 1  ‘~ ‘: ~ - -  - - 411-k . I 
~~~~ 

- / 4 -  - A * ) • .~ • 4 - ? ”  • 1- • (4 , 49  / u l L 1- S

~~ A I ) ‘ A P I }  ‘~~~. • , ( 11.. , M , •~~~ l~~~I . ’ / 1  ‘ A —’, ~~~~~~~~~ 0 .,4 . 4 Y I T ( 1 S
I 4 l_ i , I F * I T ~ ~~~ I. 1 I~~~~

’
~~, I I , , . / , I I . ’ / ( I A A .1 . 4 . ,.1 4 ’ l F I . n , .~,’ % ’ l i l S

S , I t 4~l F  A 1 T .  l ,~~ l., ) 1 41~~, 1 Ii~.1i I 1 . * / 1  , A A .) , 4 .? ~~l , 1 - T .  0.-”? l M I 4 F S
* ‘- L 4 4 . l  4 4 ’ .I.I 1- 4* ~~.

h I , l 1 h 1 1 - l , 4 I 4 - S  ( l S r  I~~(’0OO0)
*1~~ I C~~~ l ‘ I I  I. 1-~~~-~~~ 1 1 1 1 . 1  ‘~ f 4 l l 4 I l l ~~, . I I  1)

A * A A A A A * A * * * A * * * • * * A • * A A A A * * a a * * a *

~~ /*‘ .!!j1J~ Co!~y
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TDATR SAMPLE PROBLEM 4 - OUTPUT (Cont ’d)

PPi)MP1 GA 4 1 M A  C 0 I 4 C P~~ lE 1)1 151 ( PA P/ S I C )

44 ,4 S 11 1 lJT ~ l OC A L
1!  Mf I! NI- ( M C I  ILL I Ill I) SC 4 1 1 1 -  4-~ F f l  1 O T A I  ( 1 ( 411 ( 1  A l l  VE

1 2 . 6b9~~— 0 4 -  5 . 0 0 0 4 — 1 0  ~~. l 4 i 4 - ’ 12 ( 4 . 0 0 ) 1 — 0 1  S .13 7f 1? S .I 37~~— 2 l
2 2. 4 - 7 0 1 - — 0 4 -  1, 5 / / 1- o~ 0. 0 0 0 F ’ 1 4 l 3 . 2 ?~~I — 1 S  5 . ? ? ~~4 - I 3 ,.50 ’~1-2l
3 2 . 6 1 2 1 - — O S  ~~~~~~~~~~ 0.000I1 0i 2.3061-IS ?.306E 13 4- .~~~34- — 2 l14 ?. 4 - 16E—ot .  7 • 5 0 f ~~ (1Q 0 . o o o I J — n l  t. 5°l 4 - t 3  I. 3 14 11 13 4-.8011-21
L 2.6~~’44 - — 1 6  1 . 57 51 -04 1  0. 001 0 1  6 . 6 2 1 4 4 — 1 1 4  4- .62~

8f - 1 ( J  / . 5 4 - 51-21
4- 2. 7 O ? F 06 4 . 3 9 S 4 - — 0~~ 0 . ) n o E A t  2.41S61-114 2 . 13544-1 -114  13 .27 1 4 1 -21

7 2. 7~~ ? 1 - — 0 b  7 .3? F — f l 8  0.1001— 01 t . I 4 I 4 - — I ’ I  1.1 311-1 )1 13 ,43 )401— 21
4- 2.~~2hE Oh t .5751— 07 A.oA t — o 1  ‘4 ,3 2 2 4 -— I S /4 .3221-IS 9.377F— 21
9 3.oOR1 -oh S.39S1—07 fl.) 00E 01 t. 4-~~~4 - — t 5  I.6QQ1-IS 9.1300 1-21

1 0 h )1 0 1 F- 06 7 . 2 o 1 - — 0 7  0 .000E—Ifl R ,S3~ f-~~%6 13 .53 Q1— ~ h 1 .02hE ?0
II R .?’ ’tF—ot . t . c 7 5F— O 6 o.o0o4 - :—o~ 14.M5 7F— l 6  .~~S7E— t b I. 01321 20
12 6 .. h’ I1— ~~n 3. 954 -— o 4 -  0 . 00 0 1— 01 ~,137~ F i 6  1 .13 76 1— lb l .1? 131 20
13 ~~~~~~~~~~~ 7 . 5 2 0 1 — 0 4 -  0 . 0 0 0 1 — 0 1  1.526 1-17 1 , 5 2 b 1 — 1 7  I.13bI 20

* * * * * * a A * * * * * * * a * * * * * * A * * * * * * * A * * * *

P9 1.0-p P 1 I A M ~- A  A IR ( 1 4 - 4 5 4 -  ( P A P / S I C )

4051)1 1) 14 -  L O CA L
1 1 1 - 1 4 -  I F  ‘-‘ 1- ‘ I 5C 1 1 1 . L  ( 111- P  S( A l  T I  9FF- I T IJ I AL  C I 1 M I I L A  T I  V I

I ? . - ‘ 4 - ”~~—~~8. 5 . ) i ) il I- — 1 0  1 4 .~~~
’
~~~~~~1? 0, 001 14 I ~I . S ’ 4 2F I, ‘I~~5 4 , ~ - — 2 l

2 ?. .‘,7 ,1 4 — 1 4 i ,  I .5 / 7 I - — 1 9  O. 0111-A 1 2. 4 1 2 1 1 — 1 3 2. 132 1 1 - 1 5  -~~~. # 7 F 2I
4 ~‘.~‘/ .- - 1 - — ,1h S , S ~~ / 1 - — ( ’~ I1. ’P t )04 - 4 l  2 . 0 5 5 F 13 ‘. 0 3 S I — l S  S .4 1 4 f — 2 1

-~ ? . - ‘ 1 4 - - 1 - —
~~” ~~~ 5~’ ’ I -  ~~~~ 1 .)0I)1- .)l 1.2 05E % 3  1.?~~5 I - — l S  ~ .4-~~~F ? l

‘~ ,‘,*,‘ j P - — i l 4 -  , ,5 ’ -.I — 0 ~ (~. ) ) f ) F — ( I 4 .. , f lF l /41 % 1 I  4-~~0M’I 4- %~ i
2. 1 ~‘I II~ 4 •~~ ) ’ ,F ~~~13 f l , li) fl ’ 0~ ?. 694 - 1 I’l ? . 4 - ’~4- 4- I - ~ 1.l~~i1 1 - ? t

I ~~~~~~~~~~~~~~~~ ~~~~~~ 4 _ 0 * (~.(1001-~~~)~ I . F-~ 1 ’ / 1 — l 4  I . 0M9 1 — l - J  ‘ . I ’ ’ 4 F — 2 I
~ 2.”.-’” F — ’ P~ 1 . 5 1 5 1 — 0 7 O . 1 0 . 1 1 0 4  4 . l 151 I5  i~~It i A , 1 i~~ 41 . 2 5 1 1 - — ? !
~ 3 . 1 1.~~~ 1 - 1 ?~ 4 . 5 1 S t — i l l i . i i ,~ 01 ii i I . S A 0 4 - 1S ‘ . S O f i S  13 .41 , 1 1 — 2 1

t 0 4. l , I % 1 0 4 .  ‘.42 -~~~ 1 cl . l ’ 01 .1% S.l 9 ç i — 1 4 -  5 .195 1 141 4 . ’ 4 4 F — 2 1

I I  - ‘ ~~~~~‘ ~ 4- — 4 -  I • ‘, I , 4- n t ,  0 . 0 0 1 ) F i1 4 •~~~~‘-. 4-~~~~4- 1 . 4 - 4 - 4 -~- I 4 -  Q . . 9’ i F — , i
4..’ “ . i ’  i F  1 4 4 -  4, 5~~~1- I”  (4. 4 I O I (I I i ,, *-.~~I ~ 7 ‘4 .?4 - 0 F- I ’  ‘4 .,’I , l 1 .‘I
1 4  9 ,~~~ ’~1 - — f l 4 -  l,5,’ l I — I l #  0. 1l111 0 1 .‘.4- /(L I~ ?.4- 77E 1~ °..-~l SI -—/1

* * * * A * * A * * • * * * * * * A * * A A a * * A A * * * A * * * A

* a F ‘F r i p  I l l - :  C Il~~PI 1- 1 1 - h i
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Sample Problem 5

This example is s imila r to sample pr ob lem 4 with the
only d i f ference  being tha t  the source gamma is in the 1-1.33
MeV source bin , and onl y the source and title specifications
are needed .

I
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TDATR SAMPLE PROB LEM 5 - INPUT

*T ITL ~ 1— 1 .3 3 M F V  SIhJk C F PPfl M p J G~~ 1M A RA Y S
* $ ~ l~~~~ R* n 1 9*~*p x~
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TDATR SAMPLE PROBLEM 5 - OUTPUT

T 1’IA 19 PRPI L4- 41 lJtI t- i$I ER 2 1— 1 , 3 5  MI V So U RC E  P RP M PT  CA ~ 14-1 A R A Y S

* a * * * A * A * * * * * * * A * * * * * * A * * * * * * * * * * * A

GA :1p~A sOU RCE P j I 1 P M A L  ( / 5 1  TI1 N~ 1 .) 0 o E + o o GA ’-IMA S /X I
Y I FL0:  1 ,0 1)0141 0  K I  111141 I) IIIPIJ ;: 1 ,1)00 1+00 G A M M A S

l I M E  (~~1C )  / E N 4 -.PGY I [Ni -~~;v 2 f -NI R O Y 5 4- 4—F R O Y ‘4 I- Ni R O Y  S E N I - P O Y  4-

0 ,0 0 0 1 1 - — A l  0 .00 1 1— 0 1  0 .0l(0L— (1I 0 .01401—4 - 4 1 0 .0 1,04 - — 0 %  n , 0 0 0 [ — 0 I 0. 004 ) 1 — 0 1

* * A * * A * * * * A * * * * * * * * * * * * * * * * * * * * * * * *

IIPI1 
~~

,p- 1 ) / 1- ~I 1 - POY / 4- NIPI; Y o [ ‘-n9( ;y ~ f- NE 9GY I A  E N E R C , Y  II  11-J INOY 12

0 , 0 0 0 ( 4 — 0 1 0 , 1 l i l 4 0 1  0 . ( 1 0 0 t — 0 I  1 , 00ri 4 - A f l f l  0 , 0 0 0 4 - — n I  0 , 0 0 0 1 — 0 1  0 , 0 0 0 1 — 0 4

* * * * * * * * * * A * * A * * * * * A * * * A A * A * A * * * * * *

1)14 - ( S I C )  / 4-~~4- PGY 13 E N F F ~l V  I 4 ~ f - S f - l O G Y  4 5  IPI f - RO Y 14 -  ENI RG Y 17 E N E R G Y  18

0. 0 0 0 ( , E — 0 I 1 , 1 1 1 1 0 4 -  — ,I I il ,0(I A 4- — 0 1  0 .r ( 0 0 F — n l O. 00(0- 1) I 0. 0 0 0 1— 0 1  0 .0001—fl

* A * * a * * * * * * * *  * * A * * * 4 * 4 *  * * * * * A * * * * * *

11)4* 19 PwI1I~l E ~‘ 5 1 1 - A I F F W  2 1 — s , .  43  ‘-‘4 - V Siu IRcF PROMPI G A M M A  ‘ l AYS

* * * * * * * * * * A * * * * * A * * * A A * * A A * * * * * * * * *
GQ LI’ ’- 0 I IV 1 - I  (l • 000* I ’~~ A .)0l)t, -~~/CI *A .~ , 0 ,011(1* 4 - 1, 0.oAO ~~tL 1-SAIp pp 1/ . 9 4 ’ 1 - 4 -  ~~~~ l ,~~~14 f l k M ,  M$ .’)S ,~I.r4 / C N* * ? ,  2. ’, ? A , i k 4 -T ,  fl .149 7M1 1 1 S
SI~~~’ - l  1 4 4 5 4 ,4 - *s c~ 0 ,41 i l f lP4 P~ , 4 1 1 3 .- o 5 ? I ; ’ I / r ” * a 2 ,  ? ,4-? ,K!- T , 0.’4 97 I IL4 - S
T A I ~I.1 T A L l , 4 1. .  

~~~~~~~~~~ I 1 h . / ’ 4 l r ; M /C P- ’ A * ? ,  S . 2F1I~~F l , 0.4-2I M IL. f - S
S I l I ~~~~1- ~ i I. ‘~s~ 1. O 0 0 * ~

- , 1 I 4 - . /~4~~( ; M / f M A A ,) , S . 2 4 1 1 ’ c 1 - 1 ,  0 .b 2 IM J L I S
*5! 4 * N I  4* 1* 1, 1 F A ’ : fl , ( 1 1 1 0 1 1 4 - ( . I - O I - 4 - ’. ( ( I’S :  1 , 0 0 0 0 0 1

A f  4 *L f’ ’I A Tf - 1)  4 - 4 1 .4 II Hf- IF C I I ( 1 # I ) I N A 1 4 - S

* a A * * A * * * A A * * A A * * * A * a a * * * * * A * A * * * * *
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TDATR SAMPLE PROBLEM 5 - OUTPUT (Con t ’d )

PRO M P T R A .~- i44 C Q t - J C P E 1 E  1111Sf - ( R A P / S I C )

A f l ç I ) (  01 1- LO CA L
11~~1 I IMI  ‘ INCf lLLI I l [D S C A T I F R E I )  T O T A L  C I I M I J L A 1 I V E

I 2.4-”9~ — 04 - 5 ,000 1—1 (1 3.50~~r 1 o  0.0001— 0% S.% ORE I )1 3 .30131 2.
2 2.4- 101-c,$ i ,57’1-0~ 0.0001-Ui 1 .2 1 1 4 4 — 1 5  1 .2 1 1 4 1 -— I S  3 . 4L I I~1-23
3 2 .’721-~~ 3.5 91F— 4 , 9 0.00~ 1-1p t ?.I ?o E — l S 2 .120 1-15 3. 9151—23
LI ?.6 11- .1- 06 7.4 20 4 -— o p 0 .o~~~1-ni 1 .4- 64,1-IS I.~4-4-6E— 15 14. 13681-2.3
5 2.h~~a 1 - — ’~h ~, 5 7 S f — O R  0 .0001-Ut I . 2 7 1 3 E— ) 5 1 . 27 1 3 1 - 1 5  b .33431-— 21
6 2.702 1—0 4 - 3 ,3~ 5L fl13 0 .0001—0 1 7.1 1 2 F— l6 7.1 7 21—I A R .I?’JL— ?3
1 2. 7~4 2 1 - o 4 -  / . 3 2 0 f - — 0~ o.oooE — 01 6 .0234 -— l b 6.02 3 1— 1 4 - 1.1351—22
~ 2.~’24-1-04- I.Sl 5F— c 7 0 . 0 0 0 1 - 0 %  4 .25 131L — 1 6 3 .234-1— 16 1 .5081—2 2
‘~ 3.~~o 1 3 4 - — n 4 -  3 ,3 95F— ~~7 0 . O O f l 1 - 0 1  ? .2~ ?E— l h 2.24-21-1 6 ?.Olb1-22

1 0 3.~~o i 4 - — o 4 -  7 .4211-07 0.000E 0I 2 .0791.16 2.0791-1 4- 3 .1~~OF— 22I I  14 . ? U O I S — 0 h  1.5 754—0 6 0. 000 ’ — O l  1. 54131— 1 4 - 1 .514131-16 ii ,9101—22
1 4- .o4-~ F — O 4- c . 5951-O4 ’~ 0 .000 1-a l  5 . 0 S l f - l~~ 5.051 1-I l 4..2?31-22
% 3 ‘~.~~M ’~4 - — , 6 / .420 1— 0 6 0.0Q~ f— t , I 5 .111 1-1 41 5 . 1 1 I f - — l~ 6./49 71 ’22

* * * * * * * * A * * * * A * * * A * * * * * * * A * * * * * * * * *

I-’ lO(H P T G A . p -. * A l l - ?  (1 11 Sf - ( p ~4 I ) / 5 E C )

A P-ISI)[ Ill I
T T 9 I  ‘‘~

p
~~)LI ~~I- F) S (AI T f - P E r ) T~)T 4 * l. t i ( 0 * I ’ L 4 *  l i V E

I 2’.~—~
-
~ 1r—ot ’  ‘~ .11 ( 1 1 ( 4 - — I i ~ . .  4~~ ’ i — 1 - ~ 0. 01101 — 0 1  3 .~~”~~4- I ’4  5 . 5 0 4 1 1 — 2 3

2 ?.411 U - — 06 I.S / / 1 r ” 0. - ( 0 I11 ( ( 1  I . ? l 2 1 -- 1 5  1 , 2 1 2 1— I N  4 . -4 ’4 1-’. t — 2 5
‘ ?.‘~~l 2 i — 4 -  c . c ~~/ F — , ’ 0 . 0 ( l 0~~~~ I) !  ? . l I~~~4 - — l ”  ? . I l~~~

1 - — t 5  3, 9 / I P - — 2 3

~~~~~~~~~~~~~ 
7 . 4 . .’ F E — l ~~ 0 . , 1 ( (0 1 (1 I I.1.1 -0 1- 15 I.~~ ’I

4 !” 14. R ” SIE 25
‘~ 2.’-~~ l 4 -~~~I 4- t. ’~~ ’,f~~~ M (‘.(lol ’ — O i  1 . 2 / 11- I A ,  I . ? 7 1~~— IS  ‘~. S ? ~~~— ? S
4- ?. / 0 ? 1- fl~~ 

4 , ç I . , 4 _ ~144 0 . 1 40 0 1- 0 4  7 .
~~~~4 f - — I 4 -  7 .o I S r — i b  4- .o~~~~F — 2 3

/ ,.‘,/ 4 ,1 — O S  / . c ,’,U— o ~ fl ,l ’001’0I ~ .~~ i f l 4 - — I4 -  5.~~ 1~~
1-
~~~ i” % . l . ) 5I - ?2

1-i 2.~~? h 4 - — o 4 -  j . S 7 ’ ,l — i I i i) .00111 0 I  3. (12( 4 F — I ( ,  3 . 0 ? ’ I 4 - I4 -  I . 4 / t 1 - — 2 2
‘-4 3. f l 1 I~ 4- i) l~ 4 ,  ~—i -, 1 — n  / n. o n o l 0 I 4 • /~~s1 1 4 -  1 • 1554. 1 13 1 .4 1 (14 1— 22

10 3 . o o i 4 - — -o-’ 1. c 2 1 - —
~~1 0 . 0 O i 1~~

.. 0 I  l . 0 4 1 1 - — ) 1 -~ 1 . ° 5 ’ 4 - 1 4 -  ?. 4t . -1 1 - — 2 ?
I I  1 I . ? 1 1 ; 4 4 - — l . . I.’,f ’ . 1 - — I 41 0 , 1.’ 0 f — O I  a . 0 I4h1 — I l  1I .0 04, 1 17 2. ’4 .’91 22
12 41 ,91 -~- 4 1 - — ( l - .  3 • 5~~5E 04- 0 .t) l) o F — O I  I.~~0 h E — 4 1 l . l C 4 - I — I 7 3 . 1 8 0 1 — 2 ?
~ 

4 , 1)4 1  l 1 - — ( ( 4 -  I. c ’ ,,f — n h  f l .’)Of l~~~ I)l I* .,)S l F - — 4 9 
~~.?4. I 1 - — l ”  .,7 ,’(IE 22

* * * * * A * A A A * A A * * * * A * * * * * * A * A * * A * * I A  *

4 *  I X E  C L I I  4 1 1 5  II  ( ‘1’! F I F 1
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Sample Problem 6

This problem is also s imilar to samp le pr oblem 4 with
the exception that the prompt gamma ray source is a fission
delta function source. The 18 source values are entered via
the *G. SVAL command.
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TDATR SAMPLE PROBLEM 6 - INPUT

*T1TL4 - FIS S ION SOL PPCF PROMPT G A M M A  R AY S
~~~~~~~~~~~~ 3’04-’4— 2 ) . 3~ 5’~2 8 .14-14—2 4-.4-

~~2—2 4-.4-’~~~~? •i~~~
4 -4 -i • l ’ i 0 1 7  .Ifl0~~2 .107296 ,1133-2 3. 9 35-2 3. 75~~-’/ 2 .233-2  2 ,1 16— 2 1. 48 3— 3 5 . 2 3-3  6~~79-4 1.58—4*EXC
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TDATR SAMPLE PROBLEM 6 - OUTPUT

TO A T II PR I)H L FM N UO I IFER 3 F [SS ~~ 1N SO U RC E p R f l 4 - I P T  G A M M A  R A Y S

F 
* A * * * i * * * * A * * * * * * * * * * * * * * * * I * * * * A * *

0 4 M M  A SI IJ R I  F NI I R M A L  I / A T  Ii I’J ~~ I • (1 Ø if- + 0 0  (;AF ’~’4 c / K  I
Y l i ll): 4 (l0I(I-+00 + 1  1 4 ) 1 8 4 .. - I I I I PIJI: I • 0 0 0 F + O I 4  G A M M A S

IT ’ - I l  ( S f - c )  / 1- M{ l ) 1 , Y I I- N F P [ .Y  2 4-~~ f P G Y  3 f - r - 4 - P ( , Y  14 f - 5 f 9 1 Y A, 4- 4 - - i f l O I , Y  6

0 ,~~
(l 0 ’ l 1 — ’ 1 I 4 .- 104 l 4 f — 1 ’ ,? I . 4 5 1 — I 4 ?  ‘~~. I 1 ~~ l F .0 ?  6 . ’~ 1?4 II? 41 . 41 / 4 1 1 — 0 ?  1. 7 4 - R I — U I

* * * * * * * * A * A * * * * * A A * * * * * A * * * * * * * A * *

1 4 M 1 ( S F r )  / 1 -iF~~ l Y  / f-~~4 - l -~i Y  41 E~~ i w i . Y  9 4- H[ i .~1,’~ III 1p I R I ; Y  II E~~ I- l - OG Y 42

0 ,000 0 1 — 1 1  l.~~~I?f i 1  1 . o f l O F — 1) I 1. I)i~~F I) I h . l M c ~~— o ? 3.~~ 4~~F—1 ) 2 4 .7 5 6 f - — 0 ?

* * * * 1 * 4 * * * -A A * * A * * * * * * * A A ~ * * * * * A A * * *

T 4 M 4 -  I~~E1) / F N4 - P O Y  4 4  4 - O  ~ I~Y 1 4 4 - 1,1 ; Y  
~5 I- \ J4 R O Y  I~ . I •

~F ‘~~ Y 4 7  E N E R G Y  18

fl .0 00 1 ’1- — 0 1  2 . 2 5 4 1 — 0 ?  ~‘ . 4 1 e - ~~— n ?  7 .4 4 1 3 1 — 0 3  3 . ? 3 0 [ — 11 3 h.7~~0 f 0 ~J 1. 5801 014

* * 4 * * * * * A A * 1 A A A * A * * I A * * * * A * A A * * A * * *

1 0 A T ~ -‘ l~
l IF i L l  1 IJI I” 1’ F- l 3 F IS S I i V i  ; i 1 I I~~( f  P~~I)1.1’ T O!- MPI A R A Y S

A * * * A * * A A A A A I A A * * A * A * * A * A * * * * ~ * A * A *
O R I 1 I I ’ - .I) I F y 1 1  ~~~~~~~~~~ 0 .0l, 1 4 1 J’/ r ’ 1 * A 7 ,  0 , 0 0 0 * 4 -1 , n . 0 0 0 M T L IS

A 4 4 , l i ~ T / .  PA :~ 1,4 -‘ ‘ : ~~~~~~~~~~ I 4 .’4 ,’(.- l / I ~~ l * A 2 ,  ?, 4- ?5~~1 I , I1 .4 ’ 17 M 1 1IS

~ I ~ :~ 1 R .~~ ’;1- IN: 0 ,, ’ I U K 1 - ’ , 0~~ .~~~4? (, -1 /C ~~ * A ? , .-‘ • 41? ,A 4 -  1 , 0 .~4 0 7 4 I Ll- S
1 8 l - l.,1- 1 -‘i l l, ~~ t . Il 0 I 1. ” , I 1 h .1 l I 1 ~~1, ( : l 4 A * ?,  5 . ? P I~~4 - T . .4’ .’ I ’ -’ T L F S
5 ;)4 (411. F 

~I_ T. ~~~~~ ( . I l 1 ’ ~~~ ’-~ , I I 4 - . / - 4 I r ; M / c 1 - * * ? .  5 .?4 ’ 4~~F T .  0 .~~-’I-I t f - E S
* S I A - ~t A - ’ .I  F- ~~~ I,~~ 0 i I 0 I l 4 - l - 4~ I F S ( C - I . :  I

* C~~l I ‘~L A  I f - l I  1 - 4 1 1 ( 1  1 1 1 1 - H  C l I I R l ) T~~A T F  S

* * A * * * A A A A A * * A A * * * A A * * * A * * * * * * A * 4 *  *
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TDATR SAMPLE PROBLEM 6 - OUTPUT (Cont ’d)

PRf l MP 1 ~~~~~~~ 1.~ l*j Of  I f-  I) I1 SF ( lO~~f l/ S f C )

4 1 5 4 ) 4  III L I J C A L
I IMF l I M E  I INIl li  L 1 O F P  5 C A T T F R 4 - P  T I 1 T A L  CU MI .IIA T I V E

I 2.h6”~ — -Th N .111 111 1 1 0  7 .?~~4 4 - I ’ 4  0. 1) (10f - 0 I l .?~~5E—%14 7 .293 1—23
2 2 . 4 - 7 0 1 — 0 6  1 . 5 / / F — f l ’ -’ 0 .0 0 0 1 — 0 1  6 . 5 4, 61- 15  4- .S4-~’ 4 - — IS  4- . O S i E — 2 3
5 2 . ” - ’ 12 1— o 6  ~.~~‘- ) / E — n ’4 0 . 0 0 0 1 — 0 1  5. 4 - 3 6 1 - Is  5. 4- 5 4 - 1 — 1 5  9.145 2 1—23
A’ ?.~~~ b E — 0 4 -  1.3? i 1- 0’ 0 .0 0 0 1-1)1 3. 6 1 4 1 1 — I S  ~.614 I L — I 5  1.11401-22
5 2. 4- 8’~F~—~~4- 1 . 57 ’ E ’ ~ i1~~ 0 .0 0 0 1 - 0 1  ? . 3 ? l E - — 1

~~ 2 . 3 2 11- 15  7 . 1 40 71-2 2

4- 2 . 7 0 2 E — 0 4 -  • 3 H 5 1 0 41 o . 0 0 0 1 - i — O I  t . 2 ~’ $ E — i ~~ 1 .24 -61-15 1. 72? E 22
7 2 . 7 14 2 1- 14-  7 .32  i E— $ 0 .0 0 0 1 -0 1  6 , 1 1 4 1 4 1 - 1 4 -  6.114141-16 2 .0~~’41- 2 2
~ 2. ” ? 4 - f - 0~’ ~~~~~~~~~~~ n. 00o1-0~ 3 . 3 S 7 1 - % 6  3 . 3 5 7 1 — ) 6  2.147 01-22
~ ; .O O~~F — O 6  5 . ç A ’ S E — o 7  0 . f l ’ ,~~1-~~~~I 1. 1501- l b  I. 1S01-ib 2,q 064-_ 22

10 3. 41 01 1 06 7 . S 2 ) E ’ O l  0 . 0 0 0 E 01  1 . I 2~~
E - I 4 -  1.1281-16 3. S1IE— 22

11 ~ . ? - 4 ’ 4 E — o h  1.~~
7
~~
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Sample Problem 7

The geometry and response configurations for this
problem are the same as for sample problem 4. The source is
a time dependent Gaussian in the 8-10 MeV source group . The
parameters for the Gaussian are : the mean is at 10 shakes
the amplitude is 1 MeVI second and the full-width-at-half-.
maximum (FWHN) is two shakes. The source time bins are
given by the *G_TI~~ conunand in shakes (the default unit).

-
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Commander AIIM: Code WA5O
U.S. Army Materiel Dev. & Readiness Cmd . AIIM: D. LeVine

AIIM: DRCDE-D , Lawrence Flynn ATIN: Code WA5O1 , Navy Nuc. Prgms. Off.
AIIN: N. E. Scofield

Commander
U.S. Army Missile Command President , Naval War College

AIIM: DRCPM-PE-E , E. B. Hartwell AIIM: lechnical Library

Commander Commanding Officer
U.S. Army Nuclear Agency Naval Weapons Evaluation Facility
2 cy AIIM: Commander AIIM : J. Abbott

Commander Commander-In-Chief
U.S. Army Training and Doctrine Con~ . U.S. Atlantic Fleet

AIIM: AICD—CF 2 cy AIIN: JCS
ATIN: PC Box 10. Div. 20, Code 22

Commandant
U.S. Army War College U.S. Pacific Fleet

AIIM: Library AIIM: J-5
AIIM: P0 Box 10 , ACSI

Commander AIIN: P0 Box 10, J—2 16
V Corps

AIIM : Commander DEPARTMENT OF TIlE AIR FORCE

Commander AF Institute of Technology, AU
VII Corps AIIM: ENP

AIIM : Commander AIIM: Library A n T , Bldg. 640, Area B.

Director AF Weapons Laboratory , AFSC
TRASANA AIIM: SAS

AIIM : P. E. Dekinder , Jr. AIIM: DVI
AIIM: lIT, Carl Baum

DEPARTMENT OF THE NAVY AIIN: SUL
AIIM: SAW

Chief of Naval Material
AIIM : Mat. 0323, IrvIng Jaffe Deputy Chief of Staff

Plans and Operations
Chief of Naval Operations AIIN: AFXOD

AIIM: OP 96
AIIM: OP 604 Hq. USAF/RD
AIIM : OP 981 AIIM: RDQSM

Chie f of Naval Research Hq. USAF/SA
AIIM: Code 464, Thomas P. QuInn AIIM : SAMI

Co,irand..nt of the Marine Corps
AIIM : DCS (P&0) Requirements Dlv.
AIIM: OCS (PlO) Strat. Plans Div .
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DEPARTMENT OF THE AIR FORCE (Continued) OTHER GOVERNMENT AGENCIES (Continued)

Commander Department of Commerce
Tactical Air Command National Bureau of Standards

AIIM: XPS Center for Radiation Rsch.
ATTN : DCS/Plans AITN: J. Hubell

Commander DEPARTMENT OF DEFENSE CONTRACTORS
Strategic Air Command

AIIM: PFS Aerospace Corporation
AIIM: Library

Commander in Chief
U.S. Air Forces In Europe The BDM Corporation

AITN: XP AIIM: John Bode
AITN: DO ATTN: Robert Buchanan

AIIM : Charles Wasaff
SAMSO/DY AIIM: Joseph V. Braddock

AIIM: DYAE
Genera l Electric Company

USAF School of Aerospace Med. AFSC TEMPO-Center for Advanced Studies
ATIN: RA Chief Radiobiology Div. AIIM : DASIAC

DEPARTMENT OF ENERGY The Boeing Company
AIIM : A. R. Lowrey

Department of Energy
Controlled Thermonuclear Rsch. Div. General Resea rch Corporation

ATIN: Doc. Con. for Lester Price Washington Operations
AIIM: Phil Lowry

Department of Energy
Division of Reactor Rsch. & Dev. Inst i tute for Defense Analyses

AIIM: Doc. Con , for Phil Heimlig AIIM: Ida Librarian

U n i v e r s i t y  of California IRI Corporation
Law rence Livermore Laboratory AIIM : Tech. Lib.

AIIM: Robert Howerton, L—71
AIIN: Tech. Info., Dept. L—3 Kaman Sciences Corporation
AIIM : Auston Odell , L-531 AIIM: Frank H. Shelton
AIIM : M. Gustavson , L—21
AIiM : Wil liam J. Hogan , L—389 Lockheed Missiles & Space Company
AIIM: George Staehle, L-24 ATIN: Tech. Lib.
AIIM: R. Barker, L-96 (Class L-94)

Martin Marietta Aerospace
Los Alamos Scientific Laboratory Orlando Division

ATIN: Doc. Con , for R. Sandoval AIIM: M. Yeager
AIIM: Doc. Con, for W. Lyons
AIIM : Doc. Con, for F. P. Young Mathematical Applications Group Inc. (NY)
AIIM: Doc. Con, for Donald Harris ATTN: Martin 0. Cohen
AIIM : Doc. Con , for I. Dowler
AIIM: Doc. Con, for E. Chapin McDonnel l Douglas Corporation

ATTN: Tech. Library Services
Sandia Laboratories

AIIM: Doc. Con , for J. Kaizur Mission Research Corporation
AIIM: Doc. Con , for 3141 , Sandia Rpt. Coll. ATTN: Dave Sowle

Union Carbide Corporation Pacific—Sierra Research Corp.
Holifield National Laboratory AIIM: Gary Lang

AIIM: Doc. Con, for C. E. Clifford
ATIN : Doc, Con, for D. Bartine R&D Associates
ATIN: Doc. Con, for Rad. Shield i ng Ctr. AIIM: Harold L. Brode
AIIM: Doc. Con, for Tech. Lib. AIIM: Cyrus P. Knowles

AIIM: C. MacDonald
Sandia Laboratories ATTN: Richard Montgomery
Livermore Laboratory

AITN: Doc. Con, for Tech. Lib. Radiation Research Associates , Inc.
ATTN : Library

OTHER GOVE RNMEN T AGENCIE S
The Rand Corporation

Central Intelligence Agency AflN: Iechnlcal Library
ATTN: RD/SI Rm. &G48, Hq. Bldg.

for B. Sheffneer, 2922
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DEPARTMENT OF DEFENSE CONTRACTORS (Continued) DEPARTMENT OF DEFENSE CONTRACTORS (Continued)

Science Applications , Inc. System Planning Corporation
Chicago Office ATTN : J. Douglas

AIIM: Dean Kaul
System. Science and Software, Inc.

Science Applications, Inc. AIIM: Tech. Lib.
ATIN: L. Huszar
ATTN: W, W. Woolson Tetra Tech. Inc.
ATIN: E. A. Straker AIIM: Frank Bothwel l
ATIN: Marvin Drake

Science Applicat ions , I nc.
Huntsville Division

AIIM: I. E. Albert
AIIM: Noel R. Byrn

Ship Systems, I nc.
AIIM: Brian B. Ounne
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